An eco-friendly and low-cost lignosulfonate-based acidic carbonaceous catalyst (LS-SO 3 H) was effectively fabricated using the sulfite pulping by-product of sodium lignosulfonate as a precursor by facile one-step simultaneous carbonization and sulfonation, and employed for the synthesis of promising biofuel furan derivatives from biorenewable feedstocks. The catalyst preparation conditions significantly affected the preparation and properties of LS-SO 3 H. A relatively high catalyst preparation yield (40.4%) with strong -SO 3 H density (1.33 mmol g À1 ) were achieved when the lignosulfonate was treated in concentrated H 2 SO 4 solution at 120
Introduction
With the diminishing fossil fuels and worsening environmental quality, the development of alternative fuels and chemicals from renewable biomass resources has been receiving much needed attention.
1 As a key bio-based platform compound for fuels and plastic, the synthesis of 5-hydroxymethylfurfural (HMF) from biomass-derived carbohydrates has been broadly investigated.
2 Recently, 5-ethoxymethylfurfural (EMF), as one of the derivatives of HMF, has received considerable attention purporting its potential use as an alternative biofuel owing to its relatively high energy density (8.7 kW h L À1 ). 3 It is known that these furan derivatives can be directly produced from one-pot conversion of carbohydrates catalyzed by acid catalyst. Presently, solid acid catalysts such as protonated zeolites, 4 ionexchange resins, 5 sulfonated metal oxides, 6 heteropoly acid salts, 7 metal-organic frameworks, 8 and carbon-based acids 9 are widely applied in these reactions because they are less corrosive than liquid acids, form less pollutants aer reaction and can be readily recycled. 3, 10 In spite of signicant advances from the persistent studies, the main obstacles for practical application include the complex preparation procedures of the most solid acids and expensive catalyst cost. Consequently, the development of easy-prepared and low-cost solid acid catalysts for the transformation of carbohydrates into furan derivatives such as EMF is still a challenge.
Lignin is the second most abundant lignocellulosic biomass fraction aer cellulose and the richest natural aromatic organic polymer. At an industrial scale, technical lignin is generally produced as a by-product of lignocellulosic biomass utilization in pulp mills and it is traditionally divided into two distinct classes, namely alkaline lignins (include kra lignin and soda lignin) and lignosulfonate.
11 Of late years, lignin has attracted increasing attention as an underutilized renewable material for the preparation of high-value polymeric materials due to its highly phenolic and aliphatic hydroxyl groups, 12 as well as the production of liquid fuels and chemicals. 13 On the other hand, lignin has higher carbon content than carbohydrates that benets the economics in carbonaceous material production. Recently, lignin has been proposed as a superior carrier material for the fabrication of carbonaceous solid acid catalyst, and the related reports were summarized in Table 1. 14 Beyond doubt, using lignin as a precursor of solid acid catalyst not only provides an inexpensive and biorenewable catalyst source but also supplies a complementary pathway for the resource utilization of lignin as a part of biorenery. It can be found from literatures that alkaline lignins were usually used as ligninbased solid acid catalyst materials, and the prepared catalysts were active in the synthesis of biodiesel, cellulose hydrolysis, and sugar dehydration. Nevertheless, it is a fact that almost all alkaline lignins are burned to generate energy for conferring to the pulp mills self-sufficiency, only a small amount is currently extracted for practical applications. 15 As for the preparation of lignin-based solid acid catalysts, the previous report method generally involves two steps: pyrolysis carbonization or solvothermal carbonization of lignin and the subsequent sulfonation of the resulting carbon material. In particular, acid hydrolysis residual lignin was found to synthesize acidic carbonaceous catalyst by one-step simultaneous carbonization and sulfonation in concentrated sulfuric acid or sulfuryl chloride solutions.
14b,d Presently, there were also some reports about the one-step preparation of carbonaceous solid acid in concentrated sulfonic acid solutions by using cellulose, glucose, or cellulosic biomass as the carrier material.
16 The one-step method for the fabrication of carbonaceous solid acid is highly facile with the promising potential for actual application.
Lignosulfonate is one of technical lignin, which was generally produced by the sulte pulping process. It is found in large quantities with a world production of around one million tonnes of solids per year. 17 Currently, lignosulfonate was mainly used for preparing of concrete admixtures, oil well dispersants, dyestuff, coal water slurry dispersants, and industrial binders.
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Herein, we rst proposed to make use of lignosulfonate as a precursor to synthesize a novel carbonaceous solid acid catalyst by facile one-step simultaneous carbonization and sulfonation. Effect factors of catalyst preparation were explored, and the physicochemical properties of as-prepared catalysts were well characterized using a variety of techniques. The catalytic activities of as-prepared catalyst were evaluated for the one-pot conversion of biorenewable carbohydrates to furan derivatives including EMF and HMF.
Experimental section

Materials
Glucose, fructose, sucrose, inulin, HMF, ethyl levulinate (EL), NaOH, NaHCO 3 , NaCl, and N,N-dimethylformamide (DMF) were purchased from Aladdin Reagent (Shanghai, China). EMF was obtained from Sigma-Aldrich (Shanghai, China). Ethyl glucoside (EGO) and ethyl fructoside (EFO) were supplied by Chemsynlab Pharmaceutical Science & Technology Co., Ltd (Beijing, China). Ethanol, dimethylsulfoxide (DMSO), and tetrahydrofuran (THF) were obtained from Fengchuan Chemical Technology Co., Ltd (Tianjin, China). H 2 SO 4 (98%) and HCl (38%) were from Kelong Chemical Reagent Factory (Chengdu, China) and Chuandong Chemical Co., Ltd (Chongqing, China), respectively. Sodium lignosulfonate (LS) was provided by Jiangmen Sugarcane Chemical Factory Co., Ltd (Guangdong, China). Alkaline lignin (AL) that is from kra pulping process was supplied by Cool Chemical Science and Technology Co., Ltd (Beijing, China).
Catalyst preparation
A typical one-step fabrication procedure of lignosulfonate-based acidic carbonaceous catalyst (labeled as LS-SO 3 H) was as follows: 10 g LS powder and 100 mL concentrated H 2 SO 4 were mixed into 250 mL three-necked round-bottomed ask. The ask was immersed in an oil-bath controlled at 120 C and the mixture was continuously stirred at 500 rpm for the reaction. Aer 6 h, the mixture was cooled to room temperature, ltered and washed with hot deionized water (80 C) to dislodge the physically absorbed sulfate ions until the washed water became neutral. Finally, the resulting precipitated solid was dried in a vacuum oven at 80 C for 12 h to obtain the prepared LS-SO 3 H.
For comparison, another lignin-based acidic carbonaceous catalyst using AL instead of LS as the carrier material was prepared with the same one-step procedure as above, which was denoted as AL-SO 3 H. In addition, to nd out the differences of textural and catalytic properties, other lignosulfonate-based carbonaceous catalysts were also prepared based on a known and frequently-used two-step process including pyrolysis carbonization and sulfonation for the preparation of carbonaceous solid acids. 
Catalyst characterization
Surface morphologies were obtained by using a Hitachi S4800 scanning electron microscope (SEM). Powder X-ray diffraction (XRD) patterns were performed on a Bruker D8 advanced D8 Xray diffractometer with a Cu Ka radiation source, and the scan range was 10-80 with a step of 0.02 . The functional groups of samples were determined by a Nicolet 5700 Fourier transform infrared (FT-IR) spectrometer in the wavenumber range of 400-4000 cm À1 . X-ray photoelectron spectroscopy (XPS) measurements were conducted on a Thermo ESCALAB 250XI system with an Al Ka radiation source. Thermo gravimetric analyzer (TGA) was made on a TA Instruments Q500 TGA under N 2 atmosphere at a constant heating rate of 10 C min À1 in a temperature range of 30-800 C. The N 2 adsorption-desorption isotherms were obtained by JW-BK 112 surface analyzer at liquid nitrogen temperature. The surface areas of samples were estimated by using the method of Brunauer-Emmett-Teller (BET). The densities of total acids, -SO 3 H, -COOH, and phenolic -OH were measured by acid-base titration based on the previous reported procedures. 20 
Typical procedure for the conversion of carbohydrate into furan derivatives
In a typical synthesis of EMF from fructose, 1.08 g fructose and 30 mL ethanol solution contains 0.2 g catalyst were loaded into 50 mL cylindrical stainless steel pressurized reactor. The sealed reactor was placed into a preheated oil-bath for the reaction and stirred magnetically at 800 rpm. Aer running a given time, the reactor was took out and placed into cool water to terminate the reaction. Then, the liquid products and solid acid catalyst were separated by ltration. The obtained ltrate was diluted and analyzed by high-performance liquid chromatography (HPLC) and gas chromatography (GC) analysis, respectively. To test the catalyst reusability, the LS-SO 3 H catalyst was collected by ltration aer reaction. The recovered catalyst was washed several times with ethanol, and dried in a vacuum oven at 80 C for 24 h. Then a new reaction with the recovered catalyst under the identical conditions was started as a new cycle.
Product analysis
The analysis of EMF and HMF were conducted on a Shimadzu HPLC (LC-10AVP) with a UV detector. Samples were separated by a Copsil C18 column (250 Â 4.6 mm) at 30 C with a detection wavelength of 280 nm. The samples were eluted using the mixture solution of methanol and water (1 : 1 v/v) with the ow rate of 1.0 mL min À1 . A Copsil NH 2 column (250 Â 4.6 mm) at 30 C coupled with a refractive index detector was used to determine sugars, EFO and EGO. The samples were eluted at 1.0 mL min À1 with the mixture solution of acetonitrile and water (7 : 3 v/v). EL was analyzed by GC on an Agilent 6890 instrument with a capillary DB-5 column (30 m Â 0.32 mm Â 0.25 mm) equipped with a ame-ionization detector. Operating conditions were as follow: N 2 carrier gas with a ow rate of 1.0 mL min À1 , injection port temperature of 250 C, oven temperature of 200 C, and detector temperature of 250 C. The amounts of detected substances were calculated according to the external standard curves constructed as their authentic standards. The yields of products were dened as the molar ratio of the obtained products to the potential hexose monomer in carbohydrates for the feed.
Results and discussion
Catalyst screening in the conversion of fructose to EMF
Initially, various lignin-based acidic carbonaceous catalysts that prepared by one-step sulfonation or two-step treatment (i.e., pyrolysis carbonization and sulfonation) of the technical lignins (i.e., ligninsulfonate and alkaline lignin) were investigated for the conversion of fructose in ethanol medium at 110 C for 15 h.
The results of catalyst preparation yield, fructose conversion and the yield of typical products (EMF, HMF, EL, EFO, and EGO) are depicted in Table 2 . The technical lignins directly as the catalyst did not lead effectively to the conversion of fructose to EMF, and there were no obvious difference with no catalyst (Table 2 , Entries 2-3). However, fructose was consumed with the conversion of around 70%. Two main reaction products including EFO and EGO were detected, which are the products of the etherication and isomerization of fructose, respectively. 21 On the contrary, the SO 3 H-functionalized lignin-based catalysts except LSC 500 -SO 3 H exhibited catalytic activity in the synthesis of EMF, suggesting that -SO 3 H groups played a key role in the reaction process. Among these as-prepared catalysts, one-step prepared LS-SO 3 H and AL-SO 3 H catalysts were found to show similarly remarkable catalytic performance for the conversion of fructose, giving EMF yields of above 50%. However, it is important to note that AL was readily dissolved in concentrated H 2 SO 4 and serious blebbing phenomenon was observed in the one-step sulfonation process for AL-SO 3 H preparation, thus lead to a relative low catalyst preparation yield of 22.3%. Fortunately, the catalyst preparation yield of LS-SO 3 H (40.4%) was obtained almost twice as much as that of AL-SO 3 H. This could potentially be linked to the introduction of sulfonate groups in LS from sulte pulping process. Based on this arresting superiority, LS was emerged as a preferred carrier material for the one-step fabrication of acidic carbonaceous catalyst. For comparison, other LS-based carbonaceous catalysts that prepared by a frequently-used two-step process including pyrolysis carbonization and sulfonation were investigated. Although the catalyst preparation yield of LSC-SO 3 H was similar to that of LS-SO 3 H, the yields of EMF and total detected products (EMF, HMF and EL) were found to be lower. Especially, the prepared catalyst at elevated carbonization temperature (LSC 500 -SO 3 H) was inactive for the reaction. Considering the preparation and properties of catalyst, the one-step prepared LS-SO 3 H catalyst was well characterized and applied for the synthesis of furans in the subsequent explorations.
Catalysts characterization
The structural parameters and acid densities of carbonaceous materials derived from LS and AL are listed in Table 3 . It can be seen that all samples had small BET surface areas (0.8-5.4 m 2 g À1 ). It was considered as devoid of porous structures due to incomplete carbonization, and a great quantity of hydrogen and oxygen atoms still reserved without the formation of porous particles. 22 The measurement of acid densities showed that the catalyst preparation method evidently affects the acid densities. LS-SO 3 As can be observed from SEM images in Fig. 1 that all samples had an anomalous structure and covered by some irregular particles. LSC (Fig. 1b ) and LS-SO 3 H (Fig. 1c) had relatively smooth surface topography with a particle size of 20-40 mm. Aer sulfonation for LSC, the surface of LSC-SO 3 H was etched to be rough and had layered structures (Fig. 1d) . This phenomenon was even more distinct for AL-SO 3 H (Fig. 1f) . The former could be attributed to the release of the volatile substances and decomposition of sulfonate groups in LS from the combination of pyrolysis carbonization and sulfonation process, and the latter could be due to the release of more volatile substances in AL from the strong acid attack during the sulfonation process.
14h,23 This may be the reason for the low catalyst preparation yield and relatively high BET surface area of AL-SO 3 H.
XRD patterns of the samples are given in Fig. 2a . All carbonaceous materials exhibit a broad and weak diffraction peak (2q ¼ 20-25 ), which is typical of amorphous carbon consisting of aromatic carbon sheets oriented in a random fashion. 24 The diffraction pattern of LS was similar to that of the carbonaceous materials. However, a closer examination reveals that the diffraction peak of LS appears at the 2q of 22.4 , which may be due to remnant cellulose contained in the LS. 25 AL appears many distinct diffraction peaks, and these peaks disappeared aer sulfonation (AL-SO 3 H), presumably because AL includes some sugars composition 26 and they were destroyed during the sulfonation process. Beyond that, there was a highly similar texture property between the one-step prepared catalyst (AL-SO 3 H, LS-SO 3 H) and the two-step obtained catalyst carbonized at 300 C (LSC 300 -SO 3 H). It suggests that amorphous structure can be successfully formed by one-step sulfonation process of ligninsulfonate. In addition, two new diffraction peaks at 2q ¼ 42 and 62 were observed by increasing the carbonization temperature from 300 to 500 C (LSC 500 -SO 3 H) due to stacking of carbon sheets.
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FT-IR spectra of the samples from Fig. 2b showed that the intensities of two absorption peaks at 1040 cm À1 and 1190 cm In short, all prepared lignin-based carbonaceous catalysts probably composed of polycyclic aromatic carbon sheets bearing -SO 3 H, -COOH, and phenolic -OH groups. Fig. 2c presents the elemental compositions of LS, LS-SO 3 H and LSC 300 -SO 3 H determined by XPS analysis. The 4.1% S for LS is due to the existence of sulfonate groups in LS. Aer sulfonation, the S content had visibly increased, meaning that a certain amount of -SO 3 H groups was introduced into the LS-SO 3 H and LSC 300 -SO 3 H. The S content of LS-SO 3 H was similar to that of LSC 300 -SO 3 H. This observation is consistent with the result of FT-IR spectra. The single S2p peak at 168.4 eV from XPS spectrum of LS-SO 3 H (Fig. 2c) was attributed to the contribution of -SO 3 H groups. The C content was distinctly enlarged aer carbonization and sulfonation. There was an almost C content between LS-SO 3 H and LSC 300 -SO 3 H, indicating that the similar carbonization level can be achieved by one-step directly sulfonation of LS.
As can be seen from TGA spectra in Fig. 2d that the LS-SO 3 H and LSC 300 -SO 3 H had similar thermal stability. A weight loss of ca. 10% was detected below 100 C on account of the removal of adsorbed water and volatile components. Further, a sharp weight loss was observed from 220 to 300 C, which is caused by the decomposition of -SO 3 H groups. 23, 30 When the temperature over 300 C, a continuous weight loss may be attributed to further condensation of amorphous carbon. 31 From a reaction temperature perspective, the lignin-based acidic carbonaceous catalysts can be fully qualied for the reaction of this study.
Effect of catalyst preparation conditions on the properties of LS-SO 3 H
The LS-SO 3 H catalyst was directly prepared by one-step treatment of LS in concentrated H 2 SO 4 . Here, the inuences of preparation conditions on the catalyst characteristics and the conversion of fructose into EMF were evaluated. As can be seen from Table 4 , the yield of EMF increased rst and aer that it kept an approximate constant with the increase of H 2 SO 4 dosage. The change rule of EMF yield were in good consistent with -SO 3 H density. However, with increasing of H 2 SO 4 dosage, the catalyst preparation yield continued to diminish. The sulfonation temperature had signicantly affected -SO 3 H density and EMF yield. The formation of EMF was favored at low sulfonation temperature. A possible explanation is that the elevated temperature may lead to the collapse of carbon skeleton structure to affect the introduction of -SO 3 H group.
32 But unfortunately, hardly any LS-SO 3 H catalyst could be obtained by separation when sulfonation temperature below 120 C. The effect of sulfonation time (4-12 h) showed that the catalytic activity of LS-SO 3 H catalyst was not fundamentally changed with the prolonging of time, and the catalyst preparation yield had risen notably from 4 to 6 h. From the above, the sulfonation conditions signicantly affected the preparation and properties of LS-SO 3 H catalyst. Taking the preparation yield and catalysis of LS-SO 3 H into considerations, the right catalyst preparation process was as follows: 1 g LS was sulfonated at 120 C for 6 h with 10 mL concentrated H 2 SO 4 .
Effect of reaction parameters on EMF synthesis from fructose
To achieve the highest possible yield of EMF, the effects of reaction parameters including reaction temperature and catalyst dosage on the conversion of fructose into EMF were studied as a function of reaction time. Fig. 3 exhibits the effect of reaction temperature (90-130 C) on the yield of products.
Rising temperature can greatly increase the reaction rate, and the yield of EMF increased rapidly in the initial reaction stage. However, when temperatures exceed 110 C, the yield of EMF rst increased and then decreased with the time continued, and the yield of HMF was signicantly reduced. Instead, the production of EL was favored when elevating temperature and prolonging time. These ndings showed that HMF and EMF are instable at elevated temperature, which is readily further degraded to form stabilized EL. 33 Hence, the elevation of temperature is also unfavorable for the extent of reaction, and the optimized temperature was set to 110 C in this reaction. Fig. 4 presents the inuence of catalyst dosage on the conversion of fructose to EMF. Fructose was almost entirely consumed within a short reaction time of 2 h for all test catalyst dosages. When the catalyst dosage was 0.05 g, the yield of EMF increased slowly and a relatively high HMF yield of 17.7% could be obtained aer 20 h. With increasing the catalyst dosage, the increased total number of available acid sites result in a faster reaction rate to facilitate the conversion of fructose to EMF. The catalyst dosage had a similar inuence rule as the temperature for fructose conversion and the yield of products. The highest EMF yield of 57.3% was achieved at 110 C for 11 h with the catalyst loading of 0.4 g. However, the equilibrium yield of EMF showed no remarkable difference between the catalyst loading of 0.4 and 0.2 g. Therefore, low catalyst loading of 0.2 g was used in the next experiments.
Reusability of catalyst
The recycle experiments of LS-SO 3 H catalyst were carried out for the conversion of fructose in ethanol medium to synthesize EMF. The used LS-SO 3 H catalyst could be sufficiently separated from the resulting reaction mixture by ltration. Aer cleaning and drying, it was directly employed in a new experiment under identical reaction conditions. As seen from Fig. 5 , the recovered LS-SO 3 H remained catalytic active for each recycle run, although the EMF yield decreased from 53.4% (Run 1) to 48.8% (Run 2) and 34.3% (Run 3). To explore the stability of acid groups on the catalyst, the density of acid groups on the used catalyst aer the third recycle run was measured (Table 3) , and it was found that the -SO 3 H density on the used catalyst (0.82 mmol g À1 ) declined compared with the fresh catalyst (1.33 mmol g À1 ). It suggests that the shedding of functional groups from the LS-SO 3 H might be occurred. However, a verication experiment revealed in Fig. 6 that the yield of EMF remained constant over the reaction time when the LS-SO 3 H catalyst was removed aer 5 h, implying that no active groups exist in the homogeneous system for the reaction. The decreases of -SO 3 H density and catalytic activity of the recovered LS-SO 3 H did not major caused by the leaching of acid groups. On the other hand, the catalyst recovery rate, which is dened as the weight ratio of the recovered catalyst to the initial catalyst load in the feed, was determined to be 110% aer the rst run. This is likely due to the adsorption and deposition of humin products on the surface of catalyst, 34 thus resulting in the partly shielding of surface acid sites and the decrease of catalytic activity for the recovered LS-SO 3 H. Fortunately, the slightly-deactivated catalyst could be easily regenerated by simple treatment in concentrated H 2 SO 4 solution at 120 C for 1 h, and a similar high EMF yield of 56.8% was regained in a subsequent recycling experiment (Fig. 5, Run 4 ).
Synthesis of EMF from various biorenewable feedstocks
To explore the application scope of the catalyst system for the production of EMF catalyzed by LS-SO 3 H, other biorenewable feedstocks such as HMF, inulin, sucrose and glucose were subjected as the starting material, and the results are shown in Fig. 7 . The conversion of HMF gave 74.5% of EMF yield, along with 22% yield of EL at 110 C for 15 h, indicating that HMF was easily translated into EMF by etherication reaction. Further, an improved EMF yield of 85.5% could be achieved under milder conditions at 80 C for 11 h. When glucose was subjected to our reaction system, the reactant was almost entirely converted. However, hardly any furans products (i.e., EMF, and HMF) were observed, and instead ethyl glucoside (EGO) with C, 15 h. The recovered catalyst was used without any pretreatment in the first three runs, and the fourth used catalyst was regenerated at 120 C for 1 h in concentrated H 2 SO 4 solution. Catalyst recovery rate was defined as the weight ratio of the recovered catalyst to the initial catalyst load in the first run. a high yield of 77% yield was formed. This result clearly indicates that the LS-SO 3 H catalyst did not work for the isomerization of glucose to fructose, and EGO was obtained preferentially from the direct etherication of glucose and fairly stable in the reaction system. For sucrose, a moderate yield of EMF (25%) and EGO (41%) could be achieved, it follows that the conversion of sucrose followed the accumulation of the reaction pathways of fructose and glucose. In this case, the EMF was formed from the fructose unit in sucrose and the EGO was formed from the glucose unit in sucrose. Interestingly, when inulin was used as the substrate, a good EMF yield of 46.8% could also be obtained, although it was slightly lower than that from fructose (53.4%). Consequently, these results suggest that the LS-SO 3 H catalyst could not only catalyze the dehydration of fructose and the etherication of HMF, but also facilitate the hydrolysis of inulin into fructose.
Synthesis of HMF from fructose
The catalytic activity of LS-SO 3 H catalyst was further evaluated for the dehydration of fructose into HMF as far as possible, and various solvents including DMF, THF and DMSO were used as the reaction medium. As shown in Table 5 , the HMF could be produced from fructose in these solvents media catalyzed by LS-SO 3 H. A high HMF yield of 83.1% was obtained in the presence of DMSO at 140 C for 3 h, which was comparable with the previous obtained by carbonaceous solid acid catalysts. 14e, 35 In addition, a good yield of HMF was also achieved at lower temperature of 80 C aer 16 h. By contrast, HMF was formed in traces without catalyst. It follows that the LS-SO 3 H can also act as an efficient catalyst for the conversion of fructose to HMF.
Conclusions
The LS-SO 3 H catalyst was efficiently synthesized by a foolproof one-step process of directly sulfonating sodium lignosulfonate. The catalyst preparation conditions (i.e., H 2 SO 4 dosage, temperature, and time) markedly affected the preparation and properties of LS-SO 3 H. The as-prepared LS-SO 3 H catalyst was found to be highly active in the conversion of fructose into furan derivatives, giving a 57% yield of EMF in ethanol and a 83% yield of HMF in DMSO, respectively. Also, this catalyst was efficient for the one-pot transformation of fructose-based inulin, and a 47% yield of EMF could be achieved in ethanol medium. The used LS-SO 3 H catalyst was readily separated from the resulting reaction mixture by ltration, and reused with slight deactivation that is attributed to the adsorption of humin by-products on the catalyst surface. The activity of slightlydeactivated catalyst could be completely regained by a simple re-doping process in concentrated H 2 SO 4 solution. In summary, this study not only develops an easy-prepared and low-cost recyclable solid acid catalyst for the efficient synthesis of promising furan derivatives from biorenewable feedstocks, but also provides a novel and complementary strategy for the resource utilization of pulping by-product lignosulfonate. 
